Streptococcus mutans plays a key role in the development of dental caries and 18 promotes the formation of oral biofilm produced by glucosyltransferases (GTFs). Bacillus 19 velezensis K68 was isolated from traditional fermented foods and inhibits biofilm formation 20 mediated by S. mutans. Gene amplification results demonstrated that B. velezensis K68 21
expression inhibitor. The presence of the GabT1, Yktc1, and GutB1 genes required for 1-DNJ 23 synthesis in B. velezensis K68 was confirmed. Supernatant from B. velezensis K68 culture 24 medium inhibited biofilm formation by 84% when S. mutans was cultured for 48 h, and 25 inhibited it maximally when 1% glucose was added to the S. mutans culture medium as a 26 GTF substrate. In addition, supernatant from B. velezensis K68 medium containing 3 ppb 1-27 DNJ decreased S. mutans cell surface hydrophobicity by 79.0 ± 0.8% compared with that of 28 untreated control. The supernatant containing 1-DNJ decreased S. mutans adherence by 99.97% 29 and 98.83% under sugar-dependent and sugar-independent conditions, respectively. S. mutans 30 treated with the supernatant exhibited significantly reduced expression of the essential GTF 31 genes gtfB, gtfC, and gtfD compared to that in the untreated group. Thus, B. velezensis 32 inhibits the biofilm formation, adhesion, and GTF gene expression of S. mutans through 1-33 DNJ production. 34
35

IMPORTANCE 36
Dental caries is among the most common infectious diseases worldwide, and its 37 development is closely associated with physiological factors of bacteria, such as the biofilm 38 formation and glucosyltransferase production of Streptococcus mutans. Biofilms are difficult 39 to remove once they have formed due to the exopolysaccharide matrix produced by the 40 3 microorganisms residing in them; thus, inhibiting biofilm formation is a current focal point of 41 research into prevention of dental caries. This study describes the inhibitory properties of 42 Dental caries is among the world's major diseases, presenting in 60-90% of 53 schoolchildren and adults, and is caused by microorganisms using various dietary saccharides, 54 such as glucose, fructose, and sucrose (1). Especially, physiological properties such as acid 55 tolerance, biofilm formation, and expression of virulence genes, of Streptococci in the mouth 56 produced by the quorum-sensing system are known to affect oral health (2). Streptococcus 57 mutans is a gram-positive, facultative anaerobic bacterium and is the primary causative agent 58 of cariogenicity (3). S. mutans forms a biofilm and attaches to tooth surfaces, and the 59 hydrophobicity of the biofilm is related to surface proteins antigens such as antigen I/II 60 (SpaP), WapA, and SloC, on S. mutans (4). Oral biofilm produced by S. mutans is formed by 61 microbial communities attached to the enamel layer of tooth surfaces (5, 6). 62
Biofilm is not easily removed because it is enclosed in a matrix of polysaccharides; 63 thus, inhibition of the initial stages of biofilm formation is an important area of study (7) . 64
Inhibitory effect of B. velezensis K68 on hydrophobicity and adherence of S. mutans 121 Cell surface hydrophobicity is involved in interactions between bacterial and 122 epithelial cells and is important to initial bacterial adherence to tooth surfaces (22, 23) . After 123 treatment with 3 ppb 1-DNJ from the supernatant of B. velezensis K68 culture medium, S. 124 mutans cell-surface hydrophobicity dramatically decreased from 79.0 ± 0.8% (untreated) to 125 8.1 ± 2.1% (treated) (Fig. 2A) Adhesion of S. mutans occurs by sugar-dependent and sugar-independent mechanisms. 131
Sugar-dependent attachment is mediated by glucan produced from sugars through 132 glucosyltransferases, whereas sugar-independent attachment is mediated by physicochemical 133 forces, such as electrostatic forces, hydrophobic interactions, and hydrogen bonding with the 134 constituents of saliva (24). In this study, the addition of glucose improved the adhesion of S. 135 mutans (Fig. 2B) . However, B. velezensis K68 culture supernatant containing 3 ppb 1-DNJ 136 induced 99.97% and 98.83% decreases in adherence under sugar-dependent and sugar-137 independent conditions, respectively, as compared to the adherence of untreated control. 138
Previous studies showed that 1-DNJ reduced the adherence of S. mutans in both sugar-139 dependent and sugar-independent conditions and showed a greater effect in the presence of 140 sugar (18). S. mutans produces water-soluble glucans, such as dextran, and water-insoluble 141 glucans, such as mutan, from sugars using various glucosyltransferases (25, 26) . 1-DNJ is 142 known to be an expression inhibitor of glucosyltransferases (18 Three glucosyltransferase genes, gtfB, gtfC, and gtfD, are involved in water-soluble 160 or water-insoluble glucan synthesis in S. mutans (27) . The mRNA expressions of these genes 161 were significantly decreased after treatment with B. velezensis K68 culture medium 162 supernatant compared to their levels in untreated and negative control groups (Fig. 4) . The 163 gtfB and gtfC produce water-insoluble glucans, which act as adhesion molecules to 164 immobilize bacteria on tooth pellicles (9). Therefore, gtfB and gtfC are critical toxic factors 165 9 related to cariogenicity (8). Both genes were independently expressed, and there was a 166 difference between their promoters (28). Additionally, the expression of the two genes is 167 decreased by ions (Ca, K, and Mg) (29). Interestingly, gtfB mRNA levels decreased in the B. 168 subtilis-treated group, likely due to the presents of ions in the B. subtilis culture medium. In 169 the B. velezensis K68-treated group, the mRNA expression of all three gtf genes was 170 significantly reduced, and thus the biofilm formation and adherence of S. mutans were 171 decreased compared to those in the untreated group. These results were consistent with those 172 observed in treatments with Lactobacillus salivarius and 1-DNJ (14) . 173
This study was conducted to determine the ability of B. velezensis K68, which was 174 isolated from traditional Korean fermented foods, to inhibit biofilm formation by S. mutans. 
